A new composite of poly(methyl methacrylate) -co -(ethyl-hexyl-acrylate) filled with glass of composition (wt.%) 61,33% 3CaO.P 2 O 5 -23,03% SiO 2 -15,64% MgO was developed. The formation of CaP (calcium phosphate) layers on implants is crucial for their integration in bone. Simulated biological fluids to study in vitro formation of those layers do not usually contain important organic substances, such as proteins. In the present work in vitro bioactivity was studied in a simulated body fluid in presence (SBFA) and in absence of albumin (SBF). The effect of protein on calcium phosphate formation was followed by ion concentration analyses (ICP), X-ray diffraction (XRD) and scanning electron microscopy coupled with X-ray energy dispersive spectroscopy (SEM-EDS). The results showed the precipitation of a CaP layer on the composite in SBFA. Further crystallization of this layer, initially amorphous, seems to be hindered by the presence of albumin.
INTRODUCTION
Poly(methyl methacrylate) bone cement is extensively used as cement in orthopaedic surgery [1] [2] . However, it tends to thicken the intervening fibrous tissue layer, which leads to aseptic loosening of the implant in some cases. In order to avoid this problem, bioactive PMMA bone cement has been formulated by incorporation of hydroxyapatite or bioactive glass [3] [4] [5] . These composites are known to spontaneously nucleate a CaP layer when in contact with Kokubo's Simulated Body Fluid (SBF) [6] .
The fluids usually chosen to simulate plasma do not contain proteins [7] . Addition of proteins like bovine serum albumin (BSA) to the fluid in contact with implant materials may affect mineralisation through adsorption on materials and/or formation of complexes with dissolved ions, namely calcium, in physiological conditions [8] . The biomaterial surface can be quickly coated with protein before other interactions occur [9] , thus modifying the reactions with the environment. Albumin was selected for the present investigation because it is the protein with the highest concentration in plasma [10] . Moreover, it performs many functions including transport, namely of calcium and drugs [8] .
The objective of the present work was to study the formation of the CaP layer on the surface of bioactive composites and also to investigate the influence of albumin in their in vitro bioactivity. With this purpose a glass/polymer composite was immersed in "SBFA" and the obtained results were compared with the ones obtained in the absence of albumin "SBF". The influence of proteins on CaP formation was monitored by silicon, magnesium, calcium and phosphate ion concentration variations in solution by ion concentration analysis (ICP). The structure, composition, and morphology of the formed CaP layer were analyzed with scanning electron microscopy coupled with energy-dispersive X-ray (SEM-EDS) and X-ray diffraction (XRD) analyses.
MATERIALS AND METHODS

Preparation of Composite
The bioactive composite was formulated using a solid:liquid ratio of 1:1. The liquid components consisted of methyl methacrylate (MMA) and ethy-hexyl-acrylate (EHA) monomer, and were purchased from Aldrich Chemical Company. A bioactive glass of composition (wt.) 61,33% 3CaO.P 2 O 5 -23,03% SiO 2 -15,64% MgO was prepared by the classic melt quenching method. It was melted in a platinum crucible in air at 1550 ºC for 1 hour, quenched in water in order to produce a glass frit and milled to less than 10 μm particle size. Benzoyl peroxide (PBO), used as polymerization initiator, was supplied by Merck. Only the MMA was purified to extract the hydroquinone stabilizer; all the other reagents were used as received.
The preparation of the composite begins with the addition of the monomers, then PBO is added, and finally the glass is incorporated into the mixture. For polymerization, the mixture is cast into a parallel plate glass mold and heated for 24 h at 70 ºC.
In Vitro Bioactivity
The assessment of in vitro bioactivity was carried out by soaking pieces of 5x5x3 mm3, mounted vertically, in 15 ml of tris-buffered "SBF", proposed by Kokubo et al., maintained at 37 ºC in sterile polyethylene containers. SBF is an acellular, aqueous solution with an ionic composition that closely resembles that of human plasma, shown in Table 1 , and buffered to physiological pH 7,25 -7,4. Microorganism contamination of samples is avoided by filtering the SBF with a 0,22 μm Milipore® system [11] .
BSA was obtained from SERVA and used without filtering. The proteic solution was prepared dissolving 4 mg/mL of bovine serum albumin into SBF to yield "SBFA" and used immediately.
Soaking periods were 3, 7 and 14 days. After immersion the specimens were removed from the fluid and the ionic concentration of phosphorous (P), silicon (Si), calcium (Ca) and magnesium (Mg) of solutions were determined for each period. 
Modification in SBF Composition
Changes in the concentrations of calcium, silicon, phosphorous and magnesium ions in SBF and SBFA due to immersion of the composites are shown in Fig. 1 . The calcium and phosphate ions are required for the calcium phosphate layer generation. The reduction of their concentrations in SBF indicates the formation of CaP on the surface of the composite [12] [13] [14] . Initial increases in Si and Mg take place due to filler dissolution.
When BSA was present in the solution, the consumption of Ca and P was greatly decreased when compared to the samples immersed in pure SBF. However, a slight decrease in both (Ca and P) concentrations indicates that the CaP nucleation was not totally prevented in the presence of BSA.
The formed apatite grew by consuming calcium and phosphate ions from SBF [15] [16] . 
Formation of Apatite Layer
Further information on the structure of the CaP layer was obtained by the XRD and SEM-EDS measurements. Figure 2 shows the X-ray diffraction patterns of composites before and after soaking in SBF and SBFA for several times. The peaks started to appear after 3 days of imersion and sharpened for the longest period. The XRD spectra of composite exhibited the characteristic peaks at 2θ= 26° and 32°, attributable to hydroxyatite [3, 5, 17] . These results indicate that apatite crystals are deposited on the surface of material. However, the diffraction peaks are less defined for tests in the presence of albumin; therefore, albumin induces the formation of deposits with low cristallinity. On the other hand, the low intensity of the peaks may be due to a lower thickness of the calcium phosphate layer. Surface modifications were demonstrated by SEM microghaphs. The initial sample consists of a homogeneous matrix, and this morphology changes with the immersion time. After 3 days we can observe that a few spherical particles had formed on the surface in contact with pure SBF, suggesting apatite crystallites [2, 4] Increasing soaking times enable the formation of continuous layers followed by detachment from the substrate. The composite soaking in SBF with albumin also developed a new layer made up of spherical particles, although this one seems to be less crystalline [7] . The relative concentration in silicion, magnesium, calcium and phosphorus in the deposits are determined by EDS analyses. We observed for both cases (SBF and SBFA) a decrease in the silicion and magnesium content and an increase in calcium and phosphorus contents with the soaking periods. After 14 days the calculated Ca/P ratio was approximately 1,45 and 1,53 for SBF and SBFA respectively. 
CONCLUSIONS
Composites of PMMA-co-EHA matrix filled with 61,33% 3CaO.P 2 O 5 -23,03% SiO 2 -15,64% MgO suitable to be used as biomaterials have been studied. The combined application of ICP, XRD and SEM-EDS techniques allowed monitoring the formation of the layer, after immersion in SBF and also SBFA, as being constituted by calcium and phosphorus. The results indicate that addition of albumin in SBF did not prevent the calcium phosphate nucleation. Moreover, when the protein is present in solution, the effect on crystallization of the layer may be inhibited.
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